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A b stract 
W e  re p o rt  t h e  f ab ricat io n  o f  se l f -o rg an iz e d  array s o f  F e  n an o st rip e s wit h  a p e rio d  
o f  3.5  n m ,  b y  se q u e n t ial  d e p o sit io n  o f  F e  an d  A g  o n  M o (110 ). Th e  wire s d isp l ay  a 
st ro n g  in -p l an e  u n iax ial  an iso t ro p y  al o n g  t h e ir l e n g t h ,  an d  are  su p e rp aram ag n e t ic ab o v e  
TB = 18 5 ±15 K . Th e  l arg e  v al u e  o f  n u cl e at io n  v o l u m e s,  in f e rre d  f ro m  t h e  an al y sis o f  t h e  
t h e rm al  d e p e n d e n ce  o f  co e rciv it y  b e l o w TB ,  su g g e st s t h e  e x ist e n ce  o f  in t e ract io n s 
b e t we e n  t h e  wire s. 
 
 
* C o rre sp o n d in g  au t h o r e m ail :  m e y e r@ g re n o b l e .cn rs.f r 
 
 2
 
I .  I ntrod u ction 
A rt if icial l y  st ru ct u re d  m ag n e t ic m at e rial s are  o f  g ro win g  im p o rt an ce  f o r 
f u n d am e n t al  an d  ap p l ie d  re se arch  in  m ag n e t ism . S e l f -o rg an iz at io n  o n  su rf ace s is a 
p o we rf u l  ap p ro ach  t o  f ab ricat e  n an o st ru ct u re s wit h  p ro p e rt ie s t ail o re d  at  t h e  at o m ic 
scal e 1. Th is st u d y  f o cu se s o n  l at e ral  array s o f  al t e rn at e  n an o wire s o f  A g  an d  F e  t h at  
arise  sp o n t an e o u sl y  u p o n  d e p o sit io n  o f  t h e se  t wo  e l e m e n t s o n  M o (110 ). Th is sy st e m  
was f irst  m e n t io n e d  b y  To b e r et  a l .2 , 3  u sin g  m o l e cu l ar b e am  e p it ax y  (M B E ). Th e  
f o rm at io n  o f  al t e rn at in g  F e  an d  A g  st rip e s p aral l e l  t o  M o [ 0 0 1]  wit h  a f e w n m  
p e rio d icit y  was e x p l ain e d  wit h  a m o d u l at e d  m isf it  st rain  re l ax at io n  al o n g  ]011[ ,  p o sit iv e  
f o r F e  an d  n e g at iv e  f o r A g . Th is p h e n o m e n o n  was sh o wn  t o  e x ist  u p  t o  f o u r at o m ic 
l ay e rs (A L s). Th e  sy st e m  was f o u n d  t o  b e  su p e rp aram ag n e t ic at  ro o m  t e m p e rat u re ,  an d  
a we ak  in -p l an e  C P P  m ag n e t o re sist an ce  ∆R / R = 0 .8 8 %  was f o u n d  at  2.7 K . Th e  p u rp o se  
o f  o u r st u d y  is t wo f o l d :  i) d e f in in g  t h e  g ro wt h  p aram e t e rs in  t h e  case  o f  u l t ra-h ig h  
v acu u m  p u l se d  l ase r d e p o sit io n  (U H V -P L D ) t o  o b t ain  t h e se  sy st e m s,  ii) in v e st ig at in g  
t h e  m ag n e t ic p ro p e rt ie s o f  t h e  array s as a f u n ct io n  o f  t e m p e rat u re .  
 
I I .  G row th  of th e film s 
Th e  e p it ax ial  f il m s we re  g ro wn  in  an  u l t ra h ig h  v acu u m  d e p o sit io n  se t u p  p ro v id in g  a 
b ase  p re ssu re  o f  5  10 -11 To rr. Th e  e v ap o rat io n  f ro m  m e t al l ic t arg e t s is ach ie v e d  b y  a N d -
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Y A G  l ase r at  5 32 n m ,  wit h  a p u l se  d u rat io n  o f  10  n s at  a re p e t it io n  rat e  o f  10  H z . Th e  
su rf ace  o f  t h e  sam p l e  is m o n it o re d  b y  R e f l e ct io n  H ig h  E n e rg y  E l e ct ro n  D if f ract io n  
(R H E E D ). Th e  m o rp h o l o g y  o f  t h e  su rf ace  is an al y z e d  af t e r d e p o sit io n  b y  scan n in g  
t u n n e l in g  m icro sco p y  (S TM ). Th e  n an o st ru ct u re s are  g ro wn  o n  a M o (110 ) 8  n m -t h ick  
b u f f e r l ay e r d e p o sit e d  o n  a )0211(OAl 32 sap p h ire  su b st rat e . Th e  M o  su rf ace  is at o m ical l y  
f l at  wit h  t e rrace s l arg e r t h an  20 0  n m ,  wh o se  st e p  o rie n t at io n  d e p e n d s o n  t h e  m iscu t  o f  
t h e  su b st rat e 4.  
Th e  (F e , A g )/ M o (110 ) n an o st ru ct u re s we re  g ro wn  at  420 K  b y  a se rie s o f  n se q u e n t ial  
d e p o sit io n s o f  0 .5  A L  A g  f o l l o we d  b y  0 .5  A L  F e  (n =  1 - 12). Th e  d e p o sit io n  rat e  was 
0 .2Å / m n  f o r A g  an d  0 .4Å / m n  f o r F e . I n  ag re e m e n t  wit h  re f e re n ce  2,  we  o b se rv e  u p  t o  
4A L  t h e  f o rm at io n  o f  al t e rn at e  st rip e s o f  A g  an d  F e ,  b o t h  ro u g h l y  al ig n e d  al o n g  
M o [ 0 0 1] ,  wit h  an  av e rag e  p e rio d  o f  3.5  n m  al o n g  M o ]011[ . B e y o n d  4A L ,  a 2D  
n an o st ru ct u rat io n  t ak e s p l ace . F ig u re  1 su m m ariz e s t h is e v o l u t io n  as o b se rv e d  o n  t h e  
S TM  im ag e s t ak e n  o n  a we d g e  sam p l e  f ab ricat e d  wit h  a m ask  t ran sl at e d  d u rin g  t h e  
co u rse  o f  g ro wt h . Th is e v o l u t io n  can  b e  u n d e rst o o d  b y  t h e  l im it e d  v e rt ical  e x t e n sio n  o f  
t h e  st re ss re l ax at io n  p ro ce ss. M o re  d e t ail s ab o u t  t h e  in t e rp re t at io n  o f  t h e  g ro wt h  p ro ce ss 
wil l  b e  p u b l ish e d  in  a se p arat e  p ap e r5. 
F ig u re  2 re p re se n t s t h e  S TM  im ag e  o f  an  array  o f  n an o st rip e s wit h  an  e q u iv al e n t  
t h ick n e ss o f  4A L  (F e , A g ). Th e  3.5 n m  av e rag e  l at e ral  p e rio d icit y  o f  t h e  co rru g at io n  is 
e v id e n ce d  b y  t h e  cro ss-se ct io n  sh o wn  in  t h e  in se t . Th e se  3.5 n m  co rre sp o n d  t o  15  t o  16  
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M o  at o m ic ro ws al o n g  t h e  ]011[  d ire ct io n ,  wh ich  is e q u iv al e n t  t o  8  A g  +  8  F e  at o m ic 
ro ws,  re cal l in g  t h e  st o ich io m e t ry  is 1: 1. N o t e  t h at  d e sp it e  t h e  g o o d  q u al it y  o f  t h e  f il m s,  
t h e  su rf ace  is n o t  at o m ical l y -f l at  o n  a l arg e  scal e ,  im p l y in g  a d ist rib u t io n  o f  l o cal  
co v e rag e . 
 
I I I .  Magnetiz ation m easu rem ents on ( A g, F e) 4  
I n  t h e  p re se n t  p ap e r,  we  f o cu s o n  t h e  m ag n e t ic p ro p e rt ie s o f  t h e  4 A L  sam p l e . S Q U I D  
m e asu re m e n t s we re  p e rf o rm e d  ex  s i t u  o n  M o -cap p e d  f il m s,  wit h  a m ax im u m  f ie l d  o f  5  
Te sl a an d  at  v ariab l e  t e m p e rat u re . H y st e re sis was co n d u ct e d  al o n g  t wo  in -p l an e  
d ire ct io n s:  p aral l e l  t o  F e [ 0 0 1]  i.e . al o n g  t h e  wire s,  an d  p aral l e l  t o  F e [ 011 ]  i.e . 
p e rp e n d icu l ar t o  t h e  wire s. Th e  d at a d isp l ay e d  h av e  b e e n  p ro ce sse d  t o  su b t ract  t h e  
S ap p h ire  d iam ag n e t ic su sce p t ib il it y ,  wh ich  is o f  t h e  sam e  o rd e r o f  m ag n it u d e  as t h e  
f e rro m ag n e t ic sig n al . Th e  v al u e  o f  su sce p t ib il it y  t o  su b t ract  was e st im at e d  f ro m  t h e  
sl o p e  o f  t h e  raw d at a t o ward s h ig h  f ie l d s,  wh e re  we  e x p e ct  t h e  f e rro m ag n e t ic sam p l e  t o  
b e  sat u rat e d .  
A s can  b e  se e n  o n  F ig u re  3a,  t h e  in -p l an e  h ard  ax is is [ 011 ] ,  wit h  a sat u rat io n  f ie l d  
aro u n d  1T at  10 K . Th e  e asy  ax is o f  m ag n e t iz at io n  l ie s al o n g  [ 0 0 1] ,  al o n g  wh ich  t h e  
re m an e n t  m ag n e t iz at io n  M r/ M s e q u al s 0 .7 7 ,  wit h  a co e rciv e  f ie l d  µ0 H c = 0 .32 T. A t  
ro o m  t e m p e rat u re ,  t h e  u n iax ial  an iso t ro p y  is re d u ce d  (F ig u re  3b ),  wh il e  n o  co e rciv it y  is 
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o b s er ved  al o n g t h e eas y  ax i s ,  s u gges t i n g a s u p er p ar am agn et i c  b eh avi o r .  W e c an  ex c l u d e 
a p ar am agn et i c  b eh avi o r ,  b ec au s e t h e i n i t i al  s u s c ep t i b i l i t y  i s  h i gh .  
L et  u s  f i r s t  d i s c u s s  t h e an i s o t r o p y .  I n  t h e f o l l o w i n g w e u s e t h e b u l k  i r o n  m agn et i z at i o n  
val u e,  M S ( 0K ) = 1 750 k A / m ,  as  a f i r s t  ap p r o ac h .  Th en ,  t h e t o t al  an i s o t r o p y  en er gy  
d en s i t y  c an  b e d er i ved  as  t h e ar ea ab o ve t h e h ar d  ax i s  c u r ve,  y i el d i n g:  Ee x p = 5. 6±0. 5× 1 05 
J / m 3 at  1 0K ,  o r  i n  t er m s  o f  a m ean  u n i ax i al  an i s o t r o p y  f i el d  sA0 M/K2Hµ = ,  
0. 65±0. 05T.  L et  u s  c o n s i d er  a p er f ec t  ar r ay  o f  p ar al l el  an d  i n f i n i t el y -l o n g F e w i r es ,  
0. 8n m -t h i c k ,  1 . 5n m -w i d e,  w i t h  a 2 n m  gap  al o n g [ 011 ] ,  t o  es t i m at e aver age p ar am et er s  
f o r  t h e r eal  ar r ay  i n evi t ab l y  d i s p l ay i n g s o m e d i s t r i b u t i o n  o f  s i z e an d  o r i en t at i o n .  Th e i n -
p l an e d em agn et i z i n g c o ef f i c i en t  o f  an  i s o l at ed  w i r e i s  Nwire  ≈0. 3 6,  w h i l e t h at  o f  t h e 
p r es en t  ar r ay  i s  r ed u c ed  t o  Na rra y  ≈0. 3 1  o w i n g t o  d i p o l ar  c o u p l i n g b et w een  t h e w i r es .  
Tak i n g i n t o  ac c o u n t  t h e d i s t r i b u t i o n s  o f  t h e r eal  s am p l es ,  w e t h u s  es t i m at e t h e d i p o l ar  
en er gy  al o n g [ 011 ]  t o  b e Ed  ≈ ( 6± 1 ) ×1 05 J / m 3 ,  t h u s  b ei n g ver y  s i m i l ar  t o  E e x p .  Th i s  
m ean s  t h at  al l  o t h er  s o u r c es  o f  m agn et i c  an i s o t r o p y  c an c el  o u t .  Th es e s o u r c es  ar e o f  
m i c r o s c o p i c  o r i gi n ,  b o t h  i n t er f ac i al  an d  m agn et o el as t i c .  L et  u s  c o n s i d er  a F e c o n t i n u o u s  
f i l m  f o r  c o m p ar i s o n .  M o / F e ( 4A L  ≈0. 8n m ) / M o ( 1 1 0)  f i l m s 6 al s o  d i s p l ay  a u n i ax i al  
an i s o t r o p y  en er gy  i n -t h e-p l an e,  s u r p r i s i n gl y  o f  t h e ver y  s am e m agn i t u d e 6. 0×1 05 J / m 3 .  
Th i s  an i s o t r o p y  w as  as c r i b ed  p r ed o m i n an t l y  t o  a Né el -t y p e i n t er f ac i al  an i s o t r o p y  
b et w een  F e an d  M o 6 .  I n  o u r  p r es en t  c as e ad d i t i o n al  i n t er f ac es  o c c u r  b et w een  F e an d  A g,  
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w i t h  a geo m et r y  p er p en d i c u l ar -t o -t h e-p l an e,  an d  a b c c ( 1 1 0) \f c c ( 1 1 2 )  m at c h i n g o f  
at o m i c  p l an es .  F e/ A g i n t er f ac es  ar e t h o u gh t  t o  f avo r  t h e al i gn m en t  o f  m agn et i z at i o n  
al o n g t h e i n t er f ac e7 ,  an d  t h u s  s h o u l d  ad d  u p  t o  t h e M o / F e/ M o  c o n t r i b u t i o n .  A s  w e 
evi d en c e ex p er i m en t al l y  a n ear l y  z er o  t o t al  m i c r o s c o p i c  en er gy ,  t h i s  m ean s  t h at  
ad d i t i o n al  c o n t r i b u t i o n s  b al an c e t h e ab o ve t w o  m en t i o n ed .  A  f i r s t  c o n t r i b u t i o n  i s  t h e 
r i d ges  o f  t h e F e w i r es ,  w i t h  a A g, M o  en vi r o n m en t .  S u c h  r i d ges ,  o f  o n e-d i m en s i o n al  
n at u r e,  s h o u l d  b e as s o c i at ed  t o  a m agn et i c  an i s o t r o p y  en er gy  o f  i m p o r t an c e h er e,  as  t h e 
c r o s s -o ver  b et w een  2 D  t o  1 D  an i s o t r o p y  l i es  ar o u n d  a f ew  at o m s  i n  w i d t h  f o r  s t r i p es 8 .  A  
s ec o n d  c o n t r i b u t i o n  i s  t h e m agn et o el as t i c  en er gy .  U n f o r t u n at el y  t h e s t r ai n  d i s t r i b u t i o n  i s  
c o m p l ex :  l ar ge an d  t en s i l e al o n g [001 ] ,  m o d u l at ed  al o n g [ 011 ] ,  an d  p r es u m ab l y  
c o m p r es s ed  al o n g [1 1 0] .  B es i d es ,  t h e s t r ai n  l i es  w el l  b ey o n d  t h e val i d i t y  o f  l i n ear  
m agn et o el as t i c i t y ,  s o  t h at  n o  q u an t i t at i ve val u es  c an  b e p r ed i c t ed .  Th e c o n t r i b u t i o n  
b et w een  i n t er f ac i al  an i s o t r o p y  o f  l at er al  i n t er f ac es ,  an d  m agn et o el as t i c  en er gy ,  c an  
t h er ef o r e n o t  b e d i s en t an gl ed .  
L et  u s  n o w  d i s c u s s  m agn et i z at i o n  r ever s al .  A t  1 0K  t h e r at i o  H C / H A eq u al s  0. 5,  n o t  f ar  
f r o m  1 .  Th i s  s u gges t s  t h at  t h e m i c r o m agn et i c  f eat u r es  o f  n u c l eat i o n  even t s  t r i gger i n g 
m agn et i z at i o n  r ever s al  c an  b e r eas o n ab l y  d es c r i b ed  b y  t h e c o h er en t  r o t at i o n  m o d el ,  o f  
c o u r s e w i t h  n u c l eat i o n  vo l u m es  Vn m u c h  s m al l er  t h an  t h e t o t al  vo l u m e o f  t h e f i l m 9 .  
I n f o r m at i o n  ab o u t  i n t r i n s i c  p r o p er t i es  o f  t h e s am p l e s h o u l d  t h er ef o r e b e gai n ed  b y  
an al y z i n g t h e t h er m al  d ep en d en c e o f  c o er c i vi t y .  F i gu r e 4 s h o w s  var i ab l e-t em p er at u r e 
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h y s t er es i s  l o o p s ,  w h i l e t h e t em p er at u r e-d ep en d an t  c o er c i vi t y  H C ( T)  i s  p l o t t ed  i n  
F i gu r e 5.  Th e d ec r eas e o f  H C ( T)  r eas o n ab l y  f o l l o w s  a T  l aw ,  as  ex p ec t ed  f o r  u n i ax i al  
an i s o t r o p y  K w i t h i n  t h e f r am ew o r k  o f  t h e c o h er en t  r o t at i o n  m o d el :  t h es e t w o  
h y p o t h es es  i m p l y  t h e var i at i o n  o f  t h e en er gy  b ar r i er  p r even t i n g m agn et i z at i o n  r ever s al  
l i k e ∆E ∝ H 2 ,  an d  as s u m i n g a t h er m al l y  ac t i vat ed  m agn et i z at i o n  s w i t c h i n g w i t h  a 
r el ax at i o n  r at e o b ey i n g an  A r r h en i u s  l aw  w i t h  a t i m e c o n s t an t  τ =  τ0 ex p ( ∆E/ k BT) ,  o n e 
d er i ves :  


 −= KV
Tk)τ/τ(Ln1HH B0AC .   
Th e b l o c k i n g t em p er at u r e d et er m i n ed  b y  t h e i n t er c ep t  o f  t h i s  l aw  w i t h  t h e x-ax i s  i s  
TB = 1 70 K ,  s l i gh t l y  l o w er  t h an  t h e val u e i n f er r ed  f r o m  f i el d -c o o l ed  /  z er o -f i el d -c o o l ed  
c u r ves ,  s ee i n s et  o f  F i gu r e 5.  U s i n g t h e r el at i o n s h i p  K Vn ≈ 2 5k BT,  r es u l t i n g f r o m  an  
at t em p t  f r eq u en c y  s10 -100 ≈τ  an d  a m eas u r em en t  t i m e s10≈τ ,  w e i n f er  Vn ≈ 1 00n m 3 .  
Tak i n g i n t o  ac c o u n t  t h e f i n i t e t h i c k n es s  t = 0. 8n m ,  Vn i s  r ead i l y  c o n ver t ed  i n t o  a s u r f ac e 
ar o u n d  1 3 0n m 2 .  I f  w e as s u m e t h at  n u c l eat i o n  o c c u r s  i n  a s i n gl e F e w i r e at  a t i m e,  o f  
m ean  w i d t h  1 . 5n m ,  Vn i s  i n  t u r n  c o n ver t ed  i n t o  a l en gt h  o f  ≈90n m .  Th i s  i s  s i gn i f i c an t l y  
l ar ger  t h an  t h e f u l l  w al l  w i d t h  K/Api ≤ 2 0n m ,  w h i c h  i s  an  u n u s u al  s i t u at i o n .  Th i s  l ar ge 
val u e s u gges t s  t h at  n u c l eat i o n  even t s  m ay  i m p l y  t w o  o r  m o r e w i r es ,  vi a d i p o l ar  o r  
R K K Y  c o u p l i n g,  o r  at  t h e i n t er s ec t i o n  o f  w i r es  r es u l t i n g f r o m  s am p l e i m p er f ec t i o n s .  
Th i s  c o n c l u s i o n  i s  s u p p o r t ed  b y  t h e r ap i d  m agn et i z at i o n  r ever s al  evi d en c ed  at  H C even  
at  l o w  t em p er at u r e,  w h i c h  i s  u s u al l y  t h e s i gn at u r e o f  a n u c l eat i o n -p r o p agat i o n  
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m agn et i z at i o n  r ever s al  p r o c es s ,  i n c o m p at i b l e w i t h  t h e p i c t u r e o f  i s o l at ed  w i r es  r ever s i n g 
i n d ep en d en t l y .   
 
I n  c o n c l u s i o n ,  s el f -o r gan i z ed  ar r ay s  o f  l at er al l y -al t er n at i n g ( F e, A g)  n an o s t r i p es  w i t h  a 
p er i o d  3 . 5n m  h ave b een  f ab r i c at ed  o n  M o ( 1 1 0) / )0211(OAl 32  u s i n g U H V-P u l s ed  L as er  
D ep o s i t i o n ,  u p  t o  a m ax i m u m  t h i c k n es s  o f  4 at o m i c  l ay er s .  Th es e ar r ay s  d i s p l ay  a 
s t r o n g i n -p l an e u n i ax i al  an i s o t r o p y  ( K ≈5. 6±0. 5×1 05 J / m 3 )  al o n g [001 ] ,  t h e d i r ec t i o n  o f  
t h e w i r es ,  r es u l t i n g f r o m  a b al an c e b et w een  d i p o l ar ,  i n t er f ac e an d  m agn et o -el as t i c  
an i s o t r o p y .  Th e w i r es  ar e s u p er p ar am agn et i c  at  3 00K ,  w i t h  a b l o c k i n g t em p er at u r e o f  
1 70-2 00K .  Nu c l eat i o n  vo l u m es  ar e s u r p r i s i n gl y  l ar ge i f  an al y z ed  i n  t er m s  o f  w i r e 
l en gt h ,  s u gges t i n g t h e ex i s t en c e o f  i n t er ac t i o n s  b et w een  t h e w i r es .   
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F i gu r es 
b) M o [ 0 0 1 ]M o [ 0 0 1 ]a )  
F i g. 1 .  S TM  i m ages  ( 80 n m  × 80 n m )  s h o w i n g t h e evo l u t i o n  o f  t h e m o r p h o l o gy  o f  t h e 
n an o s t r u c t u r es  o b t ai n ed  b y  s eq u en t i al  d ep o s i t i o n  o f  ( 0. 5 A L  A g +  0. 5 A L  F e) n o n  
M o ( 1 1 0)  at  42 0K .  ( a)  n= 2 ,  f o r m at i o n  o f  s t r i p es  p ar al l el  t o  [001 ] M o .  ( b)  n= 6,  o n s et  o f  a 
2 D  r el ax at i o n  n et w o r k .   
 1 1
F i g.  2 .  M o r p h o l o gy  o f  4 A L s  F e/ A g 
n an o s t r i p es  ( 2 00 n m  x  2 00 n m  S TM  i m age) .  
Th e al t er n at e F e an d  A g s t r i p es  ar e s h o w n  i n  
a gr ey  s c al e as  d ar k  an d  b r i gh t  r es p ec t i vel y .   
To p m o s t  i n s et :  t h i c k n es s  c o r r u gat i o n  p r o f i l e 
al o n g t h e b l ac k  l i n e,  gi vi n g t h e r el at i ve 
h ei gh t  o f  t h es e s t r i p es .  L o w er  p ar t  i n s et :  
z o o m  o f  t h e ar ea i n s i d e t h e c i r c l e,  s h o w i n g i n  
d et ai l  t h e d ar k  an d  b r i gh t  gr ey  c o r r u gat i o n .   
Mo[001]
Periodicity   3.5 nm
H eig h t dif f erence  0 .5  
~
~ Å
 1 2
 
F i g. 3 .  H y s t er es i s  l o o p s  o f  ( F e, A g) ( 4A L )  n an o s t r i p es  at  1 0K  ( l ef t )  an d  3 00K  ( r i gh t )  w i t h  
an  i n -p l an e ap p l i ed  f i el d  p ar al l el  an d  p er p en d i c u l ar  t o  [001 ]  M o  ( s t r i p es ’  d i r ec t i o n ) .  
 
F i g.  4.  H y s t er es i s  l o o p s  o f  
( F e, A g) ( 4A L )  n an o s t r i p es  as  a 
f u n c t i o n  o f  t em p er at u r e i n  an  ap p l i ed  
m agn et i c  f i el d  p ar al l el  t o  M o [001 ]  
 1 3
 
F i g.  5.  Tem p er at u r e d ep en d en c e o f  t h e s w i t c h i n g f i el d  H C .  Th e f u l l  c u r ve i s  t h e r es u l t  o f  
t h e f i t  ac c o r d i n g t o  T 1/ 2 .  I n s et :  var i at i o n  o f  t h e l o w -f i el d  m agn et i z at i o n ,  as  a f u n c t i o n  o f  
t em p er at u r e,  w i t h i n  a “ z er o -f i el d  c o o l i n g /  F i el d -c o o l i n g”  p r o c es s .  Th e ap p l i ed  f i el d  i s  
0. 01 T.  
